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ABSTRAK 
Kusumaningtyas E, Widiastuti R, Kusumaningrum HD, Suhartono MT. 2016. Bioaktifitas dan analisis peptida dari susu kuda 
Sumbawa yang dihasilkan oleh protease Bacillus thuringiensis. JITV 21(4): 244-254. DOI: 
http://dx.doi.org/10.14334/jitv.v21i4.1627  
Susu kuda Sumbawa dipercaya dapat menyembuhkan berbagai penyakit seperti asma, hipertensi, diabetes dan gastrointestinal, 
tetapi potensi peptida bioaktifnya belum dieksplorasi. Tujuan dari penelitian ini adalah untuk mengevaluasi bioaktivitas peptida 
hidrolisat protein susu kuda Sumbawa dan menganalisis sifat fisiko kimia peptida terpilih. Protein susu dihidrolisis dengan 
protease Bacillus thuringiensis, peptida yang diperoleh difraksinasi bertingkat kemudian dianalisis aktivitas antibakteri dan 
antioksidan. Fraksi peptida <3 kDa kemudian disekuensing menggunakan LCMS-MS dan dianalisis sifat fisiko-kimianya. Hasil 
penelitian menunjukkan bahwa fraksi peptida <3 kDa dari hidrolisis 30 menit paling aktif sebagai antibakteri dan lebih aktif 
terhadap bakteri Gram negatif. Untuk antioksidan, aktivitas antioksidan fraksi tersebut per µg protein/mL adalah 83% terhadap 
radikal ABTS dan 31% terhadap radikal DPPH. Nilai tersebut setara dengan vitamin C 12.5 mg/mL untuk ABTS dan 14.5 
mg/mL untuk DPPH. Peptida HPYFYAPELLYYANK dengan prediksi berat molekul 1887.92 Da dengan titik isoelektrik 7.47 
mempunyai indek terapi prediksi yang tinggi (64.75). Hasil tersebut menunjukkan bahwa peptida dari susu kuda Sumbawa yang 
dihidrolisis menggunakan protease Bacillus thuringiensis aktif sebagai antibakteri dan antioksidan. Peptida 
HPYFYAPELLYYANK dari fraksi <3 kDa berpotensi sebagai antibakteri.  
Kata Kunci: Bacillus thuringiensis, Peptida Bioaktif, Susu Kuda 
ABSTRACT 
Kusumaningtyas E, Widiastuti R, Kusumaningrum HD, Suhartono MT. 2016. Bioactivities and analysis of peptides of Sumbawa 
horse milk generated by Bacillus thuringiensis protease. JITV 21(4): 244-254. DOI: http://dx.doi.org/10.14334/jitv.v21i4.1627 
Sumbawa horse milk is claimed to cure some diseases such as asthma, hypertension, diabetes and gastrointestinal disorder 
but its potential bioactive peptide has not been explored. The aims of this study are to evaluate bioactivities of peptides from 
Sumbawa horse milk protein hydrolysate and to analyzethe physio-chemical properties of selected peptides. The milk protein 
was hydrolyzed by Bacillus thuringiensis protease, the peptide produced were sequential fractionated and then analyzed for 
antibacterial and antioxidant activities. The peptide fraction <3 kDa was then sequenced using LCMS-MS and the physio-
chemical properties of the peptides were analyzed. Result showed that peptides fraction <3 kDa from the 30 min hydrolysis was 
the most active as antibacterial and more active to Gram negative bacteria.  For antioxidant, scavenging activity of the fraction 
per µg protein/mL were 83% to ABTS and 31% to DPPH radicals. The values were similar with vitamin C 12.5 µg/mL for 
ABTS and 14.5 µg/mL for DPPH. Peptide HPYFYAPELLYYANK with molecular weight prediction 1887.92 Da and isoelectric 
point 7.47 has high therapeutic index prediction (64.75). The result showed that peptides from Sumbawa horse milk hydrolyzed 
by Bacillus thuringiensis protease was active as antibacterial and antioxidant. Peptide HPYFYAPELLYYANK from fraction <3 
kDa was potential as antibacterial. 
Key Words: Bacillus thuringiensis, Bioactive Peptide, Horse Milk 
INTRODUCTION 
Horse milk is minor importance in milk production 
in comparison to cow and goat milk. Resemblance with 
human milk in many respect make horse milk have 
been traditionally important and claimed to have special 
therapeutic properties. Overall, horse milk is considered 
to be highly digestible, rich in essential nutrient and 
possesses an optimum whey: casein protein ratio, 
making it suitable in pediatric dietetic (Potocnik et al. 
2011). Nutritional and therapeutic properties are also 
beneficial for elderly diet. Around 30 million people 
consume horse milk regularly throughout the world. In 
Turks, Bashkirs, Kazaks, Mongol, Yakuts and Uzbeks 
they make lactic-alcoholic beverage called Koumiss 
(Potocnik et al. 2011). Domnez et al. (2014) reported 
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that triglyceride and cholesterol were decreased but 
high density lipoprotein (HDL) was increased 
significantly after consumption of Koumiss for 15 days. 
Administration of koumiss to cancer patients was able 
to decrease adverse effect of chemotherapy (Uniacke-
Lowe et al. 2010) 
In Indonesia, Sumbawa horse milk is claimed to 
cure some diseases such as asthma, hypertension, 
diabetes and gastrointestinal disorder. Sumbawa is one 
of the eastern island of Indonesia. Horse is widely 
grazing in the forest throughout the year.  Fractionation 
of Sumbawa horse milk with different polarity showed 
that whey protein fraction, soluble in acetone exhibited 
significant inhibition on the growth of S. agalactiae and 
S. pyogenes (Detha et al. 2013). Sumbawa horse milk 
not only contains beneficial protein and good 
microorganism but may also contain bioactive peptides 
yielding by enzymatic hydrolysis of bacterial protease.   
Bacillus thuringiensis is an endospore-forming 
bacteria which is commonly found in soil, water, plants, 
stored cereal, dead insect, animal feces (Argolo-Filho & 
Loguercio 2014), milk before or after pasteurization 
(Zhou et al. 2008), fresh fruit and vegetable 
(Frederiksen et al. 2006). Some researchers found B. 
thuringiensis as part of phyllo plane microbiota and has 
evolved to provide symbiotic protection (Argolo-Filho 
& Leguercio et al. 2014). Research on B. thuringiensis 
has been actively done in order to make sure the safety 
of this bacterium in vertebrata. Wilcks et al. (2008) 
reported that B. thuringiensis was able to colonize in 
intestinal germ free of rats at high concentration in 
stable form but were eliminated through their feces with 
no effect found to the animals. The presence  of  B. 
thuringiensis in the rectal sample from dairy cow  
indicated that multiplication of B. thuringiensis cells 
had occurred in the digestive tract (Ammons (2009). 
Not only safety indication was shown by B. 
thuringiensis, but also its protection to the healthy gut. 
Kweon et al. (2012) found that B. thuringiensis 
contaminating  in fresh milk was able to act as probiotic 
by preventing fatal infection of Escherichia coli 055, 
Salmonella typhimurium 01D and Staphylococcus 
aureus 305 in mice. B. thuringiensis also produced 
bacteriocin-like inhibitor substances (Bt-BLIS) with 
high level of activity against Bacillus cereus and other 
Gram positive bacteria such as Vibrio cholera 
(Barboza–Corona et al. 2007). Bacteriocins produced 
by B. thuringiensis was also able to inhibit growth of 
multiple antibiotic resistant bacteria associated with 
subclinical mastitis in dairy goats (Gutierrez-Cavez et 
al. 2015).  
B. thuringiensis produce alkaline protease that 
showed proteolytic activity at various culture condition. 
The enzyme was active to hair substrate keratin and was 
used for de-hairing (Agastya et al. 2013). Recently, 
Zhang et al. (2015) identified and characterized a novel 
alkaline thermolysin like protease from B. thuringiensis 
with possible use in therapeutic and biotechnological 
application. Kent et al. (2012) reported that 
fermentation of sodium caseinate using B. thuringiensis 
resulting in Caseicin A and Caseicin B that identified 
previously by Hayes et al.. (2006) as antimicrobial 
peptide. B. thuringiensis isolate in this study from horse 
milk that showed highly active protease, as indicated by 
large clear zone when the bacterium was grown in the 
medium containing skim milk. The protease was used 
to hydrolyze Sumbawa horse milk protein to produce 
bioactive peptides.  this paper disscuses proof of the 
potent antibacterial and antioxidant activities of 
bioactive peptide fraction. 
MATERIALS AND METHODS 
Microorganisms 
B. thuringiensis was isolated from horse milk from 
Bogor, Indonesia. Escherichia coli (ATCC 25922), 
Salmonella Typhimurium (ATCC 13311) Listeria 
monocytogenes (ATCC 15313) and Staphylococcus 
aureus (ATCC 25923) were used for bacterial assays.  
Milk and enzyme preparation 
Horse milk was collected from Sumbawa Island, 
Indonesia. The milk was centrifuged at 6000 ×g, 4°C 
for 15 min to discard the fat. Defatted milk was 
hydrolyzed immediately or stored at -20°C until used. 
Protease was produced by culturing B. thuringiensis in 
Luria Bertani Broth (Difco, Becton Dickinson and Co, 
US) containing 0.05 % (w/v) skim milk (Difco, Becton 
Dickinson and Co, US) and incubated at 37 °C for 24 h. 
The cells were separated by centrifugation 3500 ×g for 
20 min. The crude enzyme was harvested by 
precipitation with cold (4°C) 50% (w/v) ammonium 
sulphate overnight and centrifuged at 10.000 ×g, 4°C 
for 20 min. The precipitate was air dried and stored at -
20°C until used. For hydrolysis, crude enzyme was 
diluted in phosphate buffer saline 10 mM, pH 7.4 (1:2 
(w/v)). Protein concentration was analyzed using Quick 
start TM Bradford protein assay (Bio-Rad Inc). Standard 
curve was obtained from reaction between 5 μL of 
bovine serum albumin at serial dilution of 2.5-25 mg 
mL-1 and 95 μL Bradford solution. Deionized water was 
used as blank. Absorbance was measured at λ 600 nm 
in microtiter plate reader (Labsystems, original 
Multiscan Ex, Champaign USA).  
Enzyme activity assay was conducted according to 
Bergmeyer et al. (1983). Reaction was performed by 
mixing 250 μL casein 2% (w/v) with 50 μL enzyme and 
250 μL PBS 0.05 M pH 7 and incubated at 37°C. As 
much as 500 μL of TCA 0.2 M (Sigma-Aldrich, USA) 
was added, incubated at 37°C for 10 min and then 
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centrifuged at 2000 × g for 10 min. As much as 375 μL 
supernatant was mixed with 1250 μL Na2CO3 0,4 M 
and 250 μL reagent Folin ciolcateau (Sigma-Aldrich, 
USA) (1:2) and then incubated at 37°C for 20 min. 
Optical density was measured at λ 578 nm 
(spectrophotometer UV-Mini-1240 Shimadzu). One 
unit (IU) of enzyme was defined as the amount of 
enzyme needed to produce 1 μmol tyrosin per min. 
Hydrolysis 
Horse milk was hydrolyzed by B. thuringiensis 
protease (0.67 IU) with enzyme substrate ratio 1 : 20 
(v/v). Hydrolysis was conducted at 55°C, pH 11 for 30 
and 60 min. The reaction was stopped in boiled water 
95°C for 5 min. Hydrolysates were centrifuged at 
10.000 × g for 15 min to remove lipid and insoluble 
protein. The pH was adjusted to around 7. The 
supernatant was filtered using 0.45 nm membrane 
(Acrodisc LC 13 mm, 0.45 µm, PVDF, Pall Life 
Sciences, USA). Hydrolysate was sequentially filtered 
through membrane MWCO 30k, 10k and 3k (AMICON 
Ultra centrifugal units, Merck Millipore Ltd., 
Tullagreen, Carrigtwohill, Co). Retentate was diluted 
with the same volume of sterilized deionized water. 
Protein concentration of each fraction was determined 
using Quick start TM Bradford protein assay (Bio-Rad 
Laboratories Inc). All fractions were evaluated for 
antibacterial and antioxidant activities. 
Antibacterial assay 
Minimum Bactericidal Concentration (MBC) assay 
was performed according to Keepers et al. (2014) with 
modification. Briefly, 100 μl of each peptide fraction 
was prepared in 2-fold dilution series in a 96-well 
round-bottom microplates. As much as 100 μl S aureus, 
L monocytogenes, E. coli or S. typhimurium suspensions 
of 106 CFU mL-1 was then added to the ependorf 
containing peptide fractions. Content of the well (100 
μl) was grown onto Mueller Hinton agar plate (BD 
DifcoTM, Becton Dickinson and Co, USA) and 
incubated for 24 h at 37°C. Additional 24 h incubation 
was done to ensure no bacterial growth. The MBC was 
recorded as the lowest concentration of the peptide 
fraction which produced no visible bacterial growth. 
Each treatment was done in three replications.  
Antioxidant assay.  
2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic 
acid (ABTS) solution (Sigma-Aldrich, USA) was made 
according to Thaipong et al. (2006). The working 
solution was prepared by reaction of ABTS stock 
solution of 7.4 mM and 2.6 mM potassium persulphate 
and incubated for 18 hours at room temperature in the 
dark. The solution was diluted with deionized water to 
obtain an absorbance of 1.1±0.05 at 405 nm. The fresh 
ABTS   was then used for antioxidant assay. Sample of 
100 μL (1 µg mL-1) of each peptide fraction was mixed 
with 200 μL ABTS in microplate and incubated at room 
temperature for 15 min to allow the reaction. 
Absorbance of the resulting mixture was recorded at λ 
405 nm using microplate reader (Labsystems, original 
Multiscan Ex, and Champaign, USA). The peptide 
control was made by substituting ABTS radical with 
deionized water, while ABTS control was made by 
substituting peptide fraction with deionized water. 
Serial concentrations of Vitamin C p.a (2.5-17.5 μg mL-
1) was used as standard.  
Antioxidant assay using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (Sigma-Aldrich, USA) was 
conducted by mixing ethanol 96% with DPPH to obtain 
absorbance 1.1 ±0.05 at λ=540 nm. As much as 100 μL 
of peptide fraction was added to 200 μL DPPH. After 
incubation for 30 min at room temperature, the 
absorbance of the mixture was measured at λ 540 nm. 
Vitamin C p.a (2-16 μg/mL) was used for generating 
standard curve (Thaipong et al. 2006). The scavenging 
activity of peptide fractions to ABTS and DPPH 
radicals was expressed using equation: 
Scavenging activity (%) = 100 x (A0-A1)/A0 
Where A0 was absorbance of ABTS/DPPH and A1 
was the final absorbance of sample minus initial 
absorbance. Result from ABTS and DPPH assays was 
presented as means of experiments performed in three 
replications. 
Peptide profiling by RP-HPLC. 
Peptide fraction with highest antibacterial and 
antioxidant activities was run in reverse-phase high 
performance liquid chromatography (RP-HPLC). A 
preparative C-18 column (25 cm x 1.0 cm id); Xterra 
waters) was used with Hewlett-Packard 1050 series 
HPLC (Waters Corporation) equipped with diode array 
detector. Eluate was monitored at 215 nm. The solvents 
consisted of: (A) 0.1% (v/v) trifluoroacetic acid (TFA) 
(Sigma-Aldrich, USA) in deionized water and (B) 0.1% 
(v/v) TFA in acetonitrile (Sigma-Aldrich, USA), flow 
rate 1 mL/min. The HPLC system was equilibrated with 
95% solvent A for 5 min, followed by linear gradient of 
5-45 (v/v) solvent B over 15 min to elute peptide and a 
5 min re-equilibration. 
SDS-PAGE analysis 
Peptide profile from the 30 and 60 min hydrolysis 
was analyzed by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) by 
using precast gradient polyacrylamide gel 
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electrophoresis 4-20% (Any kDTM Mini-Protean® TGX 
gel, Bio-Rad Laboratories Inc.) with coomassie blue 
staining (Sigma-Aldrich, USA).  
Hemolysis assay 
Hemolysis assays were performed using 
experimental procedure described by Lorenzon et al. 
(2012) and Nguyen et al. (2011). Freshly prepared 
chicken red blood cells (RBCs) were washed three 
times with 0.01 M Tris-HCl (pH 7.4) containing 0.15 M 
NaCl (Tris-saline). A suspension of 1% (v/v) 
erythrocytes was made by re-suspending cells in Tris-
saline. A 100 μl peptide (0.1 mg mL-1) was added with 
100 μl RBCs, incubated for 1h, at 37°C. The samples 
were centrifuged at 3000 x g for 5 min. A 100 μl of the 
supernatant was transferred to 96-well microplate and 
the absorbance was determined at 540 nm. The assay 
was performed in triplicate. A 1% Triton X-100 
(Sigma-Aldrich, USA) solution was used as positive 
control (100% lysis) and Tris-saline as a negative 
control. 
Peptide sequencing  
Peptide samples were trypsin digested and extracted 
according to standard procedures (Bringans et al.  
2007). Peptides were analyzed by electrospray 
ionisation mass spectrometry using the Agilent 1260 
Infinity HPLC system [Agilent] coupled to an Agilent 
6540 mass spectrometer [Agilent]. Tryptic peptides 
were loaded onto a C18 column 300 SB, 5 cm [Agilent] 
and separated with a linear gradient of 
water/acetonitrile/0.1% formic acid (v/v). Spectra were 
analysed to identify proteins of interest using Mascot 
sequence matching software [Matrix Science] with 
Ludwig NR database. 
Peptide analysis 
Calculation of theoretical properties and primary 
structure were conducted using primary structure 
analysis www.expasy.org and possibility to 
antimicrobial peptide was analyzed using  
http://aps.unmc.edu/AP/prediction/prediction_main.php
, therapeutic index was analyzed using 
http://split4.pmfst.hr/split/dserv1/?akcija=run,  peptides 
structure predicted using http://bioserv.rpbs.univ-paris-
diderot.fr/PEP-FOLD/ (Maupetit et al. 2009; Maupetit 
et al. 2010; Thevenet et al. 2012; Shen et al 2014) and 
and RasWin Molecular Graphic 
(http//www.rasmol.org), therapeutic index was analyzed 
using http://split4.pmfst.hr/split/dserv1/?akcija=run 
(Juretic et al. 2009). 
RESULTS AND DISCUSSION 
Antibacterial activities 
The peptides produced from horse milk protein 
hydrolysis were fractionated into fraction >30, 10-30, 3-
10 and <3 kDa. The antibacterial activities of those 
fractions was shown in Table 1. The minimum 
bactericidal concentration (MBC) of the peptides before 
fractionation was much higher compared to after 
fractionation. Result revealed that fractionation based 
on the size was able to separate, concentrate the active 
peptides and improve the antibacterial properties. From 
all fractions, fraction <3 kDa has the highest 
antibacterial activity as it has the lowest MBC value, 
especially for E. coli and S. Typhimurium. 
The result showed that minimum bactericidal 
concentration (MBC) fraction <3 kDa from the 30 and 
60 min hydrolysis was similar, suggesting that 30 min 
was sufficient time to produce potent antibacterial 
peptide. Fraction  <3 kDa in this study was better in 
killing Gram negative bacteria, E.coli and S. 
typhimurium than Gram positive bacteria, S. aureus and 
L. monocytogenes. Similar result reported by Kent et al 
(2012) who found that fraction <5 kDa yielding from 
casein hydrolyzed by B. thuringiensis protease contain 
peptide Caseicin A and Caseicin B which were active to 
Gram-negative bacterium, Cronobacter sakazakii. 
Table 1. Minimum bactericidal concentration of peptide fractions 
Indicator 
microorganisms 
 Minimum bactericidal concentration of peptide fractions (mg protein mL-1)     
30 min hydrolysis  60 min hydrolysis 
Before 
Fractio-
nation 
After fractionation Before 
fractio-
nation 
After fractionation 
>30 
kDa 
10-30 
kDa 
3-10 
kDa 
<3 
kDa 
>30 
kDa 
10-30 
kDa 
3-10 
kDa 
<3 
kDa 
S. aureus >10 >0.14 >0.14 >0.14 >0.14 >10 >0.14 >0.14 >0.14 >0.14 
L. monocytogenes 10    0.14 0.07   0.14 0.14   10 0.14 0.14 0.14 0.14 
E. coli 10    0.14 0.07   0.14 0.035     5 0.14 0.07 0.14 0.035 
S. typhimurium 10    0.07 0.07   0.14 0.035    10 0.14 0.07 0.14 0.035 
.
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S
C 
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E
S
C 
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Antioxidant activities 
Two antioxidant assays used in this study were 2,2-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid) 
(ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH). 
Scavenging activities of the peptides were determined 
by reduction of ABTS or DPPH absorbance after 
addition of peptide. Under the assay condition, 100% of 
scavenging activity correspond to complete scavenging 
of ABTS or DPPH radical. Scavenging activities to 
ABTS and DPPH radicals varied among the peptide 
fractions (Figure 1). Generally, peptide from the 30 
minutes hydrolysis scavenged the ABTS radical better 
than the 60 min hydrolysis. Peptides from the 30 min 
hydrolysis, fraction <3 kDa, had the best antibacterial 
activity and also high scavenging activity (82%), almost 
similar to the scavenging activity of 12.5 µg mL-1 
vitamin C (84%). As in antibacterial assay, 
fractionation increased scavenging activities to the 
ABTS radicals. However, it seems that size might not 
be important factor for the activities. For example, 
fraction 10-30 kDa for 30 and 60 min hydrolysis 
scavenged ABTS radical better than fraction 3-10 kDa. 
For DPPH assay, the highest scavenging activity 
was shown by fraction <3 kDa from the 60 min 
hydrolysis (57%) (Fig. 1) almost similar to 14 µg mL-1 
vitamin C (58%). Fraction 10-30 kDa from 60 min 
hydrolysis which has high activity in ABTS assay was 
only able to scavenge DPPH radical by 49%.  The 
fraction whose good antibacterial and scavenging 
ABTS radical activity, fraction <3 kDa from the 30 min 
hydrolysis, scavenged DPPH radical by 22%. Different 
from that of ABTS assay, in DPPH assay, peptide from 
the 60 min hydrolysis resulted in better scavenging 
activity compared to that from 30 min hydrolysis.  
The radical scavenging activities were assessed with 
the lipid soluble DPPH radical as well as the water 
soluble ABTS radical (Damgaard et al. 2014). The 
ABTS or DPPH assay is based on the ability of 
antioxidant to transfer electron or donate hydrogen 
atom to the radicals which result in a color change and 
reduce the absorbance. Generally, good scavenging 
activity to ABTS radical was obtained from the 30 min 
 
 
 
 
Figure 1. Scavenging activities of peptide before and after fractionation using membrane molecular cut off 30, 10 and 3 kDa against 
ABTS and DPPH radicals per µg protein mL
-1
. Value represent the mean ± standard deviation (SD). 
Kusumaningtyas et al. Bioactivities and analysis of peptides from Sumbawa horse milk generated by Bacillus thuringiensis protease 
249 
hydrolysis peptide, while that of DPPH was obtained 
from the 60 min hydrolysis peptide. The result indicated 
that the time of hydrolysis is determinant to scavenging 
activities. Amza et al. (2013) reported that hydrolysis of 
gingerbread plum (Neocarya macrophylla) more than 
30 min decreased scavenging activity to DPPH radicals. 
Hydrolysis of ovine milk using protease Bacillus sp. P7 
showed that antioxidant activity measured by ABTS 
method increased up to 2 h hydrolysis and stable for up 
to 4 h. (Correa et al. 2011). In addition, enzyme 
substrate ratio must also take into consideration along 
with hydrolysis time which determine hydrophobic and 
aromatic amino acid content in the peptide sequence 
produced which will affect the antioxidant capacity 
(Gao et al. 2014).  
The result of ABTS and DPPH assay showed that 
scavenging activity and their mechanism were slightly 
different due to the difference of sensitivity and 
mechanism of action of ABTS and DPPH assay. DPPH 
was performed in organic solvent, thus is more suitable 
for lipophilic antioxidant compound whereas ABTS is 
compatible with both aqueous and organic system 
(Prior et al. 2005). It is possible that peptide hydrolysate 
generated from the 60 min hydrolysis contain more 
lipophilic peptides than the peptides from 30 min 
hydrolysis. 
Hemolysis activities 
Hemolysis assay is a simple method to evaluate 
possible toxicity of the active peptide to eukaryote cells. 
In spite of the many promising bioactive peptide, some 
may be cytotoxic to eukaryotic cells which hampered 
the peptide application. Expectation for antibacterial 
peptide application is that the peptide is able to kill 
pathogenic bacteria but does not harm eukaryotic cell.  
In this study, fraction 10-30 kDa had sufficient 
antibacterial and antioxidant activities but high in their 
hemolysis activity (17.21 and 17.28%) (Figure 2). 
Fraction <3 kDa which possess high antibacterial and 
antioxidant activities peptide demonstrated low 
hemolysis activity (2.27 and 2.26%) which indicate 
safety application. Thus, fraction <3 kDa was more 
promising as this fraction is highest in antibacterial 
activity and good antioxidant activity, but low in 
hemolysis activity. 
Peptide profiling in RP-HPLC 
Profiling of the fraction <3 kDa using RP-HPLC 
resulted in the chromatogram with major peaks as 
shown in Figure 3 at the hydrophobic condition. Peptide 
with retention time (Rt) 9.5 and 10 min were more 
hydrophobic as they were eluted in the hydrophobic 
mobile phase. Kim et al. (2005) demonstrated that 
hydrophobicity as indicated by the retention time is 
better related to the antimicrobial activity than 
hydrophobic calculation from the sequence analysis. 
Based on the HPLC chromatogram, peptides from 
fraction <3 kDa appeared as a mixture of hydrophilic 
and hydrophobic molecules. Hydrophobicity and 
retention time in HPLC chromatogram of peptide may 
correlate with antimicrobial peptide activity. Nielsen et 
al. (2007) found that the compound with longest HPLC-
retention time showed best minimum inhibitory 
concentration (MIC). They also reported that HPLC 
retention time is a better parameter for antibacterial 
activity than hydrophobicity and hydrophobic moment 
alone. Peptides with higher hydrophobicity on their 
nonpolar face generally showed stronger self-
associating ability in solution, since dimers can be 
formed by interactions between the nonpolar faces of 
two molecules (Chen et al. 2007). Peptide with less 
hydrophobic in HPLC data has a weaker tendency to 
aggregate in aqueous solution and that it has lower 
propensity for interaction with hydrophobic surface 
than hydrophobic peptide (Abraham et al. 2014). 
Hydrophobicity of the peptides as indicates by HLPC 
retention time data also correlated well the activity 
 
 
Figure 2. Hemolysis activities of peptide (0.1 mg protein mL
-1
) before and after fractionation using membrane molecular cut off 30, 
10 and 3 kDa. Value represent the mean ± standard deviation (SD). 
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Figure 3. Profile of peptide fraction <3 kDa in HPLC chromatogram and SDS PAGE. 
against artificial membrane and Gram positive bacterial 
species such as Staphylococcus aureus, Staphylococcus 
epidermidis and Micrococcus luteus rather than mean 
hydrophobicity that obtained from simple calculation of 
hydrophobicity of each constituent amino acid. Even 
though there are cases where antimicrobial activity 
against Gram negative bacteria such as Escherichia coli 
did not show correlation with analysis of HPLC 
retention time (Kim et al. 2005). 
The fraction <3 kDa was detected in higher 
molecular weight in electrophoresis gel (around 10 
kDa) (Fig 3), the peptides may form oligomer. Banerjee 
et al. (2015) reported that oligomer form of 
antibacterial peptide purified from hearth of Capra 
hircus was detected in electrophoresis gel. Some of 
antimicrobial peptides are able to form oligomer or 
supramolecular in the presence or without sodium 
dodecyl sulfate. Antimicrobial peptides generally 
adopted disordered structures and the presence of 
proline affect the supramolecular arrangement in 
peptide solution (Vermeer et al. 2012), beside 
possibility to form self-aggregation and protein or 
peptide association (Monteiro et al. 2015). 
Oligomerization of antimicrobial peptide in lipid 
membrane are vital for their mode of action. Monomer 
or oligomer form of the bioactive peptide was reported 
of capable to affect the way of peptide insert to surface 
of target cells. Saravan and Bhattacharjya (2011) 
demonstrated that replacement of Tyr to Ala showed 
lack of oligomerization and reduced antibacterial 
activity of peptide VK22AA, a peptide derived from 
fowlicidin-1 and cathelicidin, a family of antimicrobial 
peptide from chicken. The tetrameric structure was 
stable and embedded into zwitterionic phosphocholine 
micelles such that the non-polar region is located inside 
the lipid acyl chains while the monomer form is 
localized at the surface of the micelles. Bai et al. (2012) 
reported that branched peptides (oligomer) have been 
shown considerable advantages over their monomeric 
form such as improved antimicrobial activity, 
maintaining high efficacy under physiological 
condition, enhanced bacterial surface binding affinity, 
decreased susceptibility to proteolytic degradation and 
low toxicity. The oligomer form, in case of protegrin 
antimicrobial peptide, increased stability and 
antimicrobial activity as well as cytotoxicity. Protegrin 
monomer interacts very weakly with the surface of 
zwitterionic membranes but absorbed well on the 
surface of anionic membrane, but oligomer could insert 
forming pores into both anionic and zwitterionic 
mamalian membrane (Lazaridis et al. 2013). 
This phenomenon of higher molecular weight in 
electrophoresis gel may also explain the presence of 
anomalous SDS-PAGE migration of peptide due to 
peptide-peptide interaction and peptide-SDS 
interaction. Rath et al. (2009) found that hydropathy 
and helicity were able to cause gel shifting that produce 
slower migration which should not be considered as 
indicator of oligomeric state, compactness and degree 
of foldedness. 
Peptides analysis 
After tryptic digestion, analysis using Mascot 
software revealed that the peptides fraction composed 
of 13 tryptic peptides with molecular mass calculation 
of 921.48 – 1954.95 Da (Table 2). 
The hydrophobicity of the peptides is 11.26-17.98 
kcal /mol. Grau-Campistany et al. (2015) found that 
formation of transmembrane pores is only possible 
under the condition of hydrophobic matching: the 
peptide have to be a long enough to span the 
hydrophobic bilayer core to be able to induce vesicle 
leakage and kill the bacteria. Rosenfeld et al. (2010) 
reported that increasing the ratio between 
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Table 2. Physio-chemical properties of the possible peptide from fraction <3 kDa 
Peptide identified Length Mass (Da) PI Net charge 
Hidrophobicity 
(kcal/mol) 
Therapeutic 
index 
LVNELTEFAK 10 1162.62 4.09 -1 14.89 28.69 
YLYEIAR 7 926.48 6.48 0 10.50 27.43 
HPYFYAPELLYYANK 15 1887.92 7.47 0 11.74 64.75 
AEFVEVTK 8 921.48 4.09 -1 16.08 6.40 
DAIPENLPPLTADFAEDK 18 1954.95 3.39 -4 26.57 6.60 
DAFLGSFLYEYSR 13 1566.73 4 -1 12.21 10.57  
RHPEYAVSVLLR 12 1438.80 9.53 +1 14.45 5.53 
HPEYAVSVLLR 11 1282.70 7.50 0 12.64 6.28 
HLVDEPQNLIK 11 1306.71 5.19 -1 17.98 9.58 
LGEYGFQNALIVR 13 1478.79 6.49 0 11.26 8.36 
KVPQVSTPTLVEVSR 15 1638.93 9.77 +1 15.52 5.90 
VPQVSTPTLVEVSR 14 1510.83 6.51 0 12.72 8.14 
KQTALVELLK 10 1141.70 9.63 +1 14.44 7.33 
 
hydrophobicity and the net positive charge increased 
both antimicrobial and bacterial lipopolysaccharide 
neutralization activities. Whereas antimicrobial activity 
increases linearly with the increase in the peptides 
hydrophobicity, peptides with different hydrophobicity 
are endowed with similar LPS neutralizing activities. 
Hydrophobicity side chain of peptide determined 
optimization of membrane selectivity or antibacterial 
potency (Henriksen et al. 2014). Bahnsen et al. (2013) 
added that charge and hydrophobicity alone cannot 
account for antimicrobial and cytotoxicity activities, but 
also influenced by conformational and secondary 
structure of peptide. It is important to maintain certain 
content of amphipathic secondary structure for a 
desirable biological activity (Mai et al. 2015).  
Fraction <3 kDa from the 30 min hydrolysis were 
dominated by neutral and negatively charge peptides. 
Although antimicrobial peptide is commonly being 
cationic in nature, a number of anionic antimicrobial 
peptides have been reported, serving as important 
weapons in eukaryote innate immune system. Similar to 
their cationic counterpart, anionic antimicrobial 
peptides can adopt varying amphiphilic structure such 
α-helix and β-sheet conformations with interaction with 
the membrane key to activity (Laverty et al. 2011).  
Beside hydrophobicity and peptide charge, amino 
acid composition of a peptides affects antimicrobial 
activity. Bahnsen et al. (2013) revealed that Arg in the 
peptide sequence is important as a presence of multiple 
guanidium groups facilitated both uptake and enhances 
antimicrobial activity. Amino acid composition also 
related to physicochemical properties of the peptide that 
would affect the activity. Change amino acid 
composition from GS10 [cyclo-(VKLdYPVKLdYP)], a 
synthetic analog of the naturally occurring antimicrobial 
peptide gramicidin (GS) in which the two positively 
charged ornithine (Orn) residues are replaced by two 
positively charged lysine (Lys) residues and the two 
less polar aromatic phenylalanine (Phe) residues are 
replaced by the more polar tyrosine (Tyr) residues, 
increased aqueous solubility and changed 
physicochemical properties and its capacity with both 
model and biological membrane (Abraham et al. 2014).  
The peptide with the highest therapeutic index (TI) 
prediction to E. coli in our study, is 
HPYFYAPELLYYANK with TI=64.75. Although the 
charge of peptide HPYFYAPELLYYANK was neutral, 
the TI prediction  was higher than previous report 
positively charges antimicrobial peptides, Casecidin 15, 
YQEPVLGPVRGPFPI with TI: 9.17 and Casecidin 17, 
YQEPVLGPVRGPFPIIV with TI: 11.98. Both 
casecidin 15 and Casecidin 17 have MIC value to E. 
coli DPC6053, 0.4 mg mL-1. TI is calculated from ratio 
50% hemolytic activity (HC50) to minimum inhibitory 
concentration (MIC). Unfortunately, the information 
about hemolytic activity of both Casecidin 15 and 
Casecidin 17 are not available. More comprehensive 
data was revealed by peptide Piscidin and its 
substitution of hydrophobic amino acid. D-Piscidin 1 
(FFHHIFRGIVHVGKTIHRLVTG) with TI prediction 
to E. coli 7.54 showed experimental hemolytic activity 
(HC50) and MIC were 1.8 µM and 2.8 µM respectively 
with TI to Acinetobacter baumannii was 0.6. 
Replacement of I at 9th amino acid to K 
(FFHHIFRGKVHVGKTIHRLVTG) with TI prediction 
to E. coli 9.44 showed experimental hemolytic activity 
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Figure 4. Predicted structure of the peptide from fraction of <3 kDa with high therapeutic index (TI), peptide 
HPYFYAPELLYYANK, TI: 64.75. 
(HC50) and MIC were 98 µM and 3.0 µM respectively 
and TI to Acinetobacter baumannii was 33 (Jiang et al. 
2014). Case of Piscidin showed that TI prediction was 
sufficiently accurate for antimicrobial activities 
prediction. Although we have not synthesized and 
examined the activity of peptide 
HPYFYAPELLYYANK alone, the peptide is promising 
to be antimicrobial peptide as TI prediction was 64.75 
and higher than other reported peptides.  
Although peptide HPYFYAPELLYYANK showed 
high in TI prediction but the peptide has not been 
confirmed as antibacterial activity determinant in the 
fraction <3 kDa. Interaction among peptide in the 
fraction may decrease or enhance the antibacterial 
activity.  Hayes et al. (2006) reported that antimicrobial 
activity was not detected in casein fermented by 
Lactobacillus acidophilus before fractionation. 
Electrostatic interaction between charged peptides may 
have a negative effect to antimicrobial activity of the 
fermentate. On the contrary, Rahnamaeian et al. (2015) 
demonstrated that combination of two antimicrobial 
peptides from bumblebee, hymenoptaecin and abaecin 
resulting in a more potent effect at low concentration. 
Peptide structure prediction 
Structure prediction of the peptide 
HPYFYAPELLYYANK with high therapeutic index 
was in Figure 4. Structure prediction showed that 
peptide peptide HPYFYAPELLYYANK is able to form 
helix that important for antimicrobial activity (Fig. 4). 
Multiple studies demonstrated that helicity is important 
for toxicity, antimicrobial activity (Huang et al 2010) 
and interfacial binding (Fernandez-Vidal, 2007) beside 
physicochemical parameter such as hydrophobicity 
amphipaticity, charge and sequence. 
CONCLUSION 
B. thuringiensis that commonly contaminate milk 
was a source of protease enzyme which can be used to 
produce antibacterial and antioxidant peptide from 
horse milk. Time of hydrolysis, separation and 
processes are important in generating the desirable 
bioactive peptide. Considering safety of the peptide, 
sequentially filtrations were needed to obtain high 
activity and safe peptide. Fraction <3 kDa from the 30 
min hydrolysis was safe fraction with good in 
antibacterial and antioxidant activities. The fraction 
consists of 13 peptides variety in physicochemical 
properties. Peptide HPYFYAPELLYYANK has the 
highest therapeutic index and potent to be antimicrobial 
peptide. 
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